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033%6 WRSUHYHQWQRQVSHFLILFELQGLQJDQG
WKHQ ZDVKHG IRU  PLQ ZLWK 3%6 3ULPDU\ UDW PRQRFORQDO
DQWLERGLHV DW IROG GLOXWLRQV RI K\EULGRPD FHOO FXOWXUH
VXSHUQDWDQWVLQ033%6JPOIRUWKHPRXVHDQWLERG\%*
ZHUH LQFXEDWHG RQ VHFWLRQV IRU  PLQ DW 57 6HFWLRQV ZHUH
WKHQ ZDVKHG WKUHH WLPHV ZLWK 3%6 IRU  PLQ 7KH VHFRQGDU\
DQWLERGLHVDQWLUDW,J*),7&6LJPD$OGULFK8.DWDIROG
GLOXWLRQIRUWKHUDWSULPDU\DQWLERGLHVDQGDQWLPRXVH,J*),7&
6LJPD$OGULFK 8. DW D IROG GLOXWLRQ IRU WKH %* 0/*
SULPDU\DQWLERG\ZHUHDGGHGLQ033%6DQGLQFXEDWHGIRU
PLQ LQ WKHGDUN6HFWLRQVZHUHZDVKHGZLWK3%6 IRU WKUHH
WLPHV IRU  PLQ $IWHU LPPXQRODEHOOLQJ VRPH VHFWLRQV ZHUH
&HOO:DOO0LFURVWUXFWXUHVRI0LVFDQWKXV6SHFLHV
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LQFXEDWHGZLWK&DOFRIOXRU:KLWH&:)OXRUHVFHQW%ULJKWQHU
6LJPD$OGULFK8.PJP/LQ3%6IRUPLQLQWKHGDUN7R
GLPLQLVK VDPSOH DXWRIOXRUHVFHQFH VRPH VHFWLRQV ZHUH
LQFXEDWHGZLWK7ROXLGLQH%OXH2 S+ 0VRGLXP
SKRVSKDWHEXIIHU IRUPLQ LQSODFHRI&:)ROORZLQJ&:RU
7ROXLGLQH %OXH 2 ODEHOOLQJ VHFWLRQV ZHUH ZDVKHG WZLFH ZLWK
3%6HDFKIRUPLQWKHQPRXQWHGLQDQWLIDGHUHDJHQW&LWLIOXRU
$)$JDU6FLHQWLILF8.$IWHUPRXQWLQJVOLGHVZHUHVWRUHGDW
& LQ GDUNQHVV XQWLO XVH 6HFWLRQV ZHUH REVHUYHG ZLWK D
IOXRUHVFHQFH PLFURVFRSH 2O\PSXV %; DQG LPDJHV ZHUH
FDSWXUHG ZLWK D +DPDPDWVX 25&$ FDPHUD +DPDPDWVX
&LW\-DSDQXVLQJ3HUNLQ(OPHU9RORFLW\VRIWZDUH3HU.LQ(OPHU
8.
,Q VRPH FDVHV VWHP VHFWLRQV ZHUH SUHWUHDWHG SULRU WR
LPPXQRODEHOOLQJ ZLWK HQ]\PHV WR UHPRYH VSHFLILF FHOO ZDOO
SRO\VDFFKDULGHV 5HPRYDO RI SHFWLF +* DQG KHWHUR[\ODQ ZDV
FDUULHG RXW DV GHVFULEHG >@ XVLQJ SHFWDWH O\DVH $VSHUJLOOXV
VS 0HJD]\PH ,QWHUQDWLRQDO %UD\ ,UHODQG LQ  P0 
F\ORKH[\ODPLQRSURSDQHVXOIRQLFDFLG &$36P0&D&O
EXIIHU S+  DW  ȝJPO  K DW URRP WHPSHUDWXUH DQG
[\ODQDVH &HOOYLEULR MDSRQLFXV D JLIW IURP 3URI +DUU\ *LOEHUW
1HZFDVWOH8QLYHUVLW\DWȝJPOLQP01DDFHWDWHEXIIHU
S+RYHUQLJKWDW57/LFKHQDVH%DFLOOXVVXEWLOLV0HJD]\PH
,QWHUQDWLRQDO%UD\ ,UHODQGZDVXVHGDW ȝJPO LQP0
VRGLXP DFHWDWH EXIIHU S+  DW 57 ;\ORJOXFDQDVH
3DHQLEDFLOOXV VS0HJD]\PH ,QWHUQDWLRQDO%UD\ ,UHODQGZDV
XVHGDWȝJPOLQ3%6RYHUQLJKWDW57&RQWUROVHFWLRQVQRW
WUHDWHG ZLWK HQ]\PHV ZHUH LQFXEDWHG IRU DQ HTXLYDOHQW WLPH
ZLWKWKHFRUUHVSRQGLQJEXIIHUVDORQH
0LFURJUDSKVVKRZQLQILJXUHVDUHUHSUHVHQWDWLYHRIDWOHDVW
VHFWLRQVIRUHDFKSRLQWRIDQDO\VLVGHULYHGIURPWKHDQDO\VLVRI
DWOHDVWWKUHHVHFWLRQVDFURVVWKHLQWHUQRGHREWDLQHGIURPHDFK
RI DW OHDVW WKUHH VHSDUDWH SODQWV 1HJDWLYH FRQWURO QR
DQWLERG\PLFURJUDSKVDUHVKRZQLQWKHVXSSRUWLQJLQIRUPDWLRQ
0LFURJUDSKV RI XQPDVNHG HSLWRSHV DUH UHSUHVHQWDWLYH RI DW
OHDVW  VHSDUDWH GHFRQVWUXFWLRQ H[SHULPHQWV $OO UDZ LPDJH
GDWDDUHDYDLODEOHXSRQUHTXHVWIURPWKHFRUUHVSRQGLQJDXWKRU
5HVXOWV
+HWHURJHQHLWLHVLQGHWHFWLRQRIQRQFHOOXORVLF
SRO\VDFFKDULGHVLQGLFDWHVGLVWLQFWVWHPSDUHQFK\PD
FHOOZDOOPLFURVWUXFWXUHVLQ0VDFFKDULIORUXV
&DOFRIORXU:KLWH&:ZKLFKELQGVWRFHOOXORVHDQGRWKHUȕ
JO\FDQV DQG IOXRUHVFHV XQGHU 89 H[FLWDWLRQ LV JHQHUDOO\ D
KLJKO\ HIIHFWLYH VWDLQ WR YLVXDOLVH DOO FHOO ZDOOV LQ VHFWLRQV RI
SODQWPDWHULDOV7KHVWDLQLQJRIHTXLYDOHQW WUDQVYHUVHVHFWLRQV
RIWKHRXWHUVWHPUHJLRQVRIWKHPLGGOHRIWKHVHFRQGLQWHUQRGH
IURP WKH EDVH RI D GD\ROG VWHP RI 0 [ JLJDQWHXV 0
VDFFKDULIORUXV DQG 0 VLQHQVLV DUH VKRZQ LQ )LJXUH  $W WKLV
JURZWK VWDJH WKH LQWHUQRGHV DUH DSSUR[LPDWHO\  FP  FP
DQGFP LQ OHQJWK UHVSHFWLYHO\6HH)LJXUH6 LQ)LOH6 IRU
GHWDLOVRIPDWHULDOVDQDO\VHG ,QDOO WKUHHVSHFLHVDQDQDWRP\
RIVFDWWHUHGYDVFXODUEXQGOHVZLWKLQSDUHQFK\PD UHJLRQVZDV
DSSDUHQW ZLWK WKH YDVFXODU EXQGOHV QHDUHVW WR WKH HSLGHUPLV
EHLQJ JHQHUDOO\ VPDOOHU LQ GLDPHWHU WR WKRVH LQ PRUH LQWHUQDO
UHJLRQV,QDOOFDVHVWKHYDVFXODUEXQGOHVFRQVLVWHGRIDGLVWDO
DUHD RI SKORHP FHOOV DFFRXQWLQJ IRU DURXQG D TXDUWHU RI WKH
YDVFXODU WLVVXHV IODQNHGE\ WZR ODUJHPHWD[\OHPYHVVHOVDQG
DPRUHFHQWUDO[\OHPFHOOLQDGGLWLRQWRVXUURXQGLQJVKHDWKVRI
VPDOO ILEUHFHOOV7KHPRVWVWULNLQJGLVWLQFWLRQVHHQLQWKH&:
VWDLQHG VHFWLRQV ZDV WKDW LQ 0 VLQHQVLV DQG 0 [ JLJDQWHXV
&:VWDLQLQJ ZDV HTXLYDOHQW LQ FHOO ZDOOV ZKHUHDV LQ 0
VDFFKDULIORUXV WKH FHOO ZDOOV RI WKH ODUJHU FHOOV RI WKH
LQWHUIDVFLFXODUSDUHQFK\PDZHUHQRW VWDLQHG LQ WKHVDPHZD\
LQGLFDWLQJVRPHGLIIHUHQFHWRWKHVWUXFWXUHRIWKHVHFHOOZDOOV
7KH DQDO\VLV RI HTXLYDOHQW VHFWLRQV ZLWK WKUHH SUREHV
GLUHFWHG WR VWUXFWXUDO IHDWXUHV RI KHWHUR[\ODQV ZKLFK DUH WKH
PDMRU QRQFHOOXORVLF SRO\VDFFKDULGHV RI JUDVV FHOO ZDOOV
LQGLFDWHG WKDW WKHVH SRO\PHUV ZHUH ZLGHO\ GHWHFWHG LQ
0LVFDQWKXV VWHP FHOO ZDOOV )LJXUH  1R DQWLERG\
LPPXQRODEHOOLQJ FRQWUROV DUH VKRZQ LQ )LJXUH 6 LQ )LOH 6
7KHDQDO\VLV DOVR LQGLFDWHG WKDW QRQ&:VWDLQLQJ FHOOZDOOV LQ
0 VDFFKDULIORUXV KDG ORZHU OHYHOV RI GHWHFWDEOH KHWHUR[\ODQ
7KLV ZDV SDUWLFXODUO\ WKH FDVH IRU WKH /0 [\ODQ HSLWRSH
XQVXEVWLWXWHG[\ODQDQGWKH/0IHUXOR\ODWHGHSLWRSHERWKRI
ZKLFK FORVHO\ UHIOHFWHG WKH GLVWULEXWLRQ RI &:VWDLQLQJ )LJXUH
 ,Q WKHFDVHRI0[JLJDQWHXVVRPHVPDOOHU UHJLRQVRI WKH
LQWHUIDVFLFXODU SDUHQFK\PD ZHUH QRWDEOH IRU UHGXFHG ELQGLQJ
E\WKH/0DQG/0[\ODQSUREHV,QWKHFDVHRI0VLQHQVLV
VXFK UHJLRQV ZHUH PRVW DSSDUHQW DV FOXVWHUV RI FHOOV LQ VXE
HSLGHUPDOUHJLRQVRISDUHQFK\PD)LJXUH
$QDO\VLV RI HTXLYDOHQW VHFWLRQV ZLWK D PRQRFORQDO DQWLERG\
GLUHFWHGWR0/*DOVRLQGLFDWHGVRPHFOHDUGLIIHUHQFHVEHWZHHQ
WKH WKUHH VSHFLHV )LJXUH  ,Q DOO WKUHH VSHFLHV WKH 0/*
HSLWRSHZDVGHWHFWHGZLWKSDUWLFXODUDEXQGDQFHLQFHOOZDOOVRI
SKORHP FHOOV WKH FHQWUDO PHWD[\OHP FHOOV DQG LQ VSHFLILF
UHJLRQV RI WKH LQWHUIDVFLFXODU SDUHQFK\PD 8QOLNH WKH
KHWHUR[\ODQ HSLWRSHV WKH 0/* HSLWRSH ZDV QRW DEXQGDQWO\
GHWHFWHG LQ WKH ILEUH FHOOV VXUURXQGLQJ WKH YDVFXODU EXQGOHV
7KH VSHFLILF SDWWHUQV RI DEXQGDQW HSLWRSH GHWHFWLRQ LQ
LQWHUIDVFLFXODU SDUHQFK\PD YDULHG EHWZHHQ WKH VSHFLHV EXW
ZHUHFRQVLVWHQW IRUHDFKVSHFLHV ,Q0[JLJDQWHXV WKH0/*
HSLWRSH ZDV VWURQJO\ GHWHFWHG LQ UDGLDOO\ H[WHQGHG JURXSV RI
FHOOVLQWKHVWHPSHULSKHU\,Q0VLQHQVLVVXFKJURXSVRIFHOOV
ZHUHVPDOOHUDQGZHUHPRVWO\VXEHSLGHUPDOFOXVWHUVRIIHZHU
WKDQFHOOV,Q0VDFFKDULIORUXVVWURQJODEHOOLQJZDVGHWHFWHG
WKURXJKRXWWKHSDUHQFK\PDUHJLRQV)RUDOOWKUHHVSHFLHVWKHVH
SDUHQFK\PD UHJLRQV ZHUH HTXLYDOHQW WR WKRVH ZLWK UHGXFHG
VWDLQLQJE\WKHKHWHUR[\ODQSUREHV
7KH/0KHWHURPDQQDQHSLWRSHZDVRQO\ZHDNO\GHWHFWHG
LQ VFDWWHUHG FHOOV LQ 0 VDFFKDULIORUXV DQG 0 VLQHQVLV VWHP
VHFWLRQVUHIOHFWLQJWKHKLJK0/*ORZKHWHUR[\ODQUHJLRQVZDV
GHWHFWHGWRVRPHH[WHQWLQSKORHPFHOOZDOOVDQGPRUHVWURQJO\
WR WKH 0/*ULFK SDUHQFK\PD UHJLRQV RI 0 [ JLJDQWHXV 7KH
/0 [\ORJOXFDQ DQWLERG\ ERXQG VSHFLILFDOO\ WR SKORHP FHOO
ZDOOV LQDOO WKUHHVSHFLHV)LJXUH ,Q0[JLJDQWHXVDQG0
VLQHQVLV WKHUH ZDV LQ DGGLWLRQ VRPH GHWHFWLRQ RI WKH /0
[\ORJOXFDQ HSLWRSH LQ FHOO ZDOO UHJLRQV RI WKH PHWD[\OHP FHOOV
)LJXUH
9DULHGFRQILJXUDWLRQVRIFHOOZDOOSRO\PHUVLQ
0LVFDQWKXVYDVFXODUFHOOZDOOV
7KH LQLWLDO DQDO\VHV LQGLFDWHG D UDQJH RI FHOO ZDOO
KHWHURJHQHLWLHV LQ UHODWLRQ WR WKH PDLQ QRQFHOOXORVLF
SRO\VDFFKDULGHVDQGVHYHUDORIWKHVHLQYROYHGWKHFHOOW\SHVRI
&HOO:DOO0LFURVWUXFWXUHVRI0LVFDQWKXV6SHFLHV
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WKH YDVFXODU EXQGOHV $QDO\VLV RI KLJKHU PDJQLILFDWLRQ
PLFURJUDSKV )LJXUH  LQGLFDWHG WKDW WKH SKORHP FHOO ZDOOV
KDYH DEXQGDQW GHWHFWDEOH /0 [\ODQ HSLWRSH EXW QRW WKH
/0[\ODQHSLWRSHDVVKRZQ IRU0 [JLJDQWHXV LQ)LJXUH
7KLVZDVFRQVLVWHQWIRUDOOWKUHHVSHFLHV)LJXUH7KH/0
IHUXODWH HSLWRSH ZDV QRWDEO\ KLJKO\ GHWHFWHG LQ SKORHP FHOO
ZDOOV RI 0 [ JLJDQWHXV DQG 0 VLQHQVLV EXW OHVV VR LQ
HTXLYDOHQWFHOOVLQ0VDFFKDULIORUXV)LJXUHVDQGZKHUHDV
WKH 0/* DQG /0 [\ORJOXFDQ HSLWRSHV ZHUH DEXQGDQWO\
)LJXUH)OXRUHVFHQFHLPDJLQJRIFHOOZDOOVLQHTXLYDOHQWWUDQVYHUVHVHFWLRQVRIWKHVHFRQGLQWHUQRGHRIVWHPVRI0[
JLJDQWHXV0VDFFKDULIORUXVDQG0VLQHQVLVDWGD\VJURZWK
,PDJHV JHQHUDWHG ZLWK &DOFRIOXRU :KLWH &: EOXH DQG LQGLUHFW LPPXQRIOXRUHVFHQFH JUHHQ ZLWK PRQRFORQDO DQWLERGLHV WR
HSLWRSHV RI KHWHUR[\ODQ /0 /0 DQG /0 H   HSLGHUPLV S   SDUHQFK\PD YE   YDVFXODU EXQGOH $UURZKHDGV LQGLFDWH
SKORHP$UURZVLQGLFDWHUHJLRQVRILQWHUIDVFLFXODUSDUHQFK\PDWKDWKDYHUHODWLYHO\ORZHUOHYHOVRIKHWHUR[\ODQGHWHFWLRQ%DU 
P
GRLMRXUQDOSRQHJ
&HOO:DOO0LFURVWUXFWXUHVRI0LVFDQWKXV6SHFLHV
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GHWHFWHGLQSKORHPFHOOZDOOVLQDOOWKUHHVSHFLHV)LJXUHVDQG

,Q WKH [\OHP FHOOV KRZHYHU WKH /0 ZDV FRQVLVWHQWO\
GHWHFWHGLQVSHFLILFFHOOZDOOUHJLRQVRIWKHWZRODUJHPHWD[\OHP
FHOOV DGMDFHQW WR WKHFHQWUDOPHWD[\OHPFHOODQG WKHFHOOZDOO
RI WKH FHQWUDO PHWD[\OHP FHOO LQ WKH YDVFXODU EXQGOHV LQ 0 [
JLJDQWHXV 7KLV SDWWHUQ ZDV REVHUYHG WR VRPH H[WHQW LQ 0
VLQHQVLV [\OHP FHOO ZDOOV DQG RQO\ UDUHO\ LQ 0 VDFFKDULIORUXV
[\OHPFHOOZDOOV)LJXUHVDQG
3HFWLF+*LVGHWHFWHGLQFHOOZDOORISDUHQFK\PD
LQWHUFHOOXODUVSDFHVLQDOOWKUHH0LVFDQWKXVVSHFLHVDQG
DEXQGDQWO\LQSLWKSDUHQFK\PDFHOOZDOOVLQ0[
JLJDQWHXV
7KH XVH RI WZR PRQRFORQDO DQWLERG\ SUREHV GLUHFWHG WR
GLIIHULQJPHWK\OHVWHULILFDWLRQVWDWHVRISHFWLF+*LQGLFDWHGWKDW
WKLV SRO\PHU ZDV UHDGLO\ GHWHFWHG LQ FHOO ZDOOV OLQLQJ
LQWHUFHOOXODUVSDFHV LQ WKH LQWHUIDVFLFXODU UHJLRQVDVVKRZQ IRU
/0DQG/0LQ)LJXUH7RVRPHH[WHQWWKHDEXQGDQFHRI
WKHVH HSLWRSHV LQ WKHVH UHJLRQV RI SDUHQFK\PD UHIOHFWHG WKH
RFFXUUHQFHRI0/*HSLWRSHDEXQGDQFHVKRZQ LQ)LJXUHDV
IRU H[DPSOH LQ WKH UHODWLYH DEVHQFH RI WKH GHWHFWLRQ RI WKH
HSLWRSHV LQ WKHVKHDWKVRI ILEUHFHOOVVXUURXQGLQJ WKHYDVFXODU
EXQGOHV7KLVFRUUHODWLRQZDVSDUWLFXODUO\WKHFDVHIRUWKH/0
+* HSLWRSH LQ WKH UDGLDOO\ H[WHQGHG JURXSV RI FHOOV LQ 0 [
JLJDQWHXVDQGVXEHSLGHUPDOJURXSVRIFHOOV LQ0VLQHQVLV ,Q
WKHVH UHJLRQV WKH +* HSLWRSHV ZHUH GHWHFWHG WKURXJKRXW FHOO
ZDOOV DQG QRW MXVW LQ UHJLRQV OLQLQJ LQWHUFHOOXODU VSDFHV ,Q DOO
WKUHH VSHFLHV WKH +* HSLWRSHV ZHUH DOVR GHWHFWHG LQ SKORHP
FHOO ZDOOV DQG LQ WKH FDVH RI WKH /0 +* HSLWRSH ZDV
GHWHFWHGLQWKHFHOOZDOOVRIWKHFHQWUDO[\OHPFHOOV$QDO\VLVRI
ORZHUPDJQLILFDWLRQPLFURJUDSKV LQGLFDWHG WKDW WKH/0KLJK
HVWHU +* HSLWRSH ZDV GHWHFWHG DEXQGDQWO\ LQ DOO FHOO ZDOOV RI
)LJXUH)OXRUHVFHQFHLPDJLQJRIFHOOZDOOVLQHTXLYDOHQWWUDQVYHUVHVHFWLRQVRIWKHVHFRQGLQWHUQRGHRIVWHPVRI0[
JLJDQWHXV0VDFFKDULIORUXVDQG0VLQHQVLVDWGD\VJURZWK
,PPXQRIOXRUHVFHQFH LPDJHV JHQHUDWHG ZLWK PRQRFORQDO DQWLERGLHV WR 0/* KHWHURPDQQDQ /0 DQG [\ORJOXFDQ /0 H  
HSLGHUPLV S   SDUHQFK\PD YE   YDVFXODU EXQGOH $UURZKHDGV LQGLFDWH SKORHP $UURZV LQGLFDWH UHJLRQV RI LQWHUIDVFLFXODU
SDUHQFK\PDWKDWDUHODEHOOHGVWURQJO\E\WKHSUREHV%DU P
GRLMRXUQDOSRQHJ
&HOO:DOO0LFURVWUXFWXUHVRI0LVFDQWKXV6SHFLHV
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)LJXUH   )OXRUHVFHQFH LPDJLQJ RI YDVFXODU EXQGOHV RI WKH VHFRQG LQWHUQRGH RI VWHPV RI 0  [ JLJDQWHXV DQG 0
VDFFKDULIORUXVDWGD\VJURZWK
,PPXQRIOXRUHVFHQFH LPDJHV JHQHUDWHG ZLWK PRQRFORQDO DQWLERGLHV WR KHWHUR[\ODQ /0 /0 /0 0/* DQG [\ORJOXFDQ
/0P[ PHWD[\OHPHOHPHQWV$UURZKHDGVLQGLFDWHSKORHP%DU P
GRL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WKH FHQWUDO SLWK SDUHQFK\PD LQ 0 [ JLJDQWHXV ZKHUHDV WKLV
ZDVQRW WKHFDVH LQ WKHRWKHU WZR0LVFDQWKXVVSHFLHV)LJXUH

'HYHORSPHQWDOG\QDPLFVRIKHWHUR[\ODQDQG0/*
HSLWRSHVLQ0[JLJDQWHXVVWHPFHOOZDOOV
7KH H[WHQW RI WKH YDULDWLRQ LQ GHWHFWLRQ RI WKH KHWHUR[\ODQ
DQG 0/* HSLWRSHV LQ UHODWLRQ WR GHYHORSPHQW ZDV H[SORUHG
IXUWKHULQ0[JLJDQWHXVVWHPV$QDO\VLVRIWKHWRSPLGGOHDQG
)LJXUH)OXRUHVFHQFHLPDJLQJRIFHOOZDOOVRIHTXLYDOHQWWUDQVYHUVHVHFWLRQVRIWKHVHFRQGLQWHUQRGHRIVWHPVRI0[
JLJDQWHXV0VDFFKDULIORUXVDQG0VLQHQVLVDWGD\VJURZWK
,PPXQRIOXRUHVFHQFHLPDJHVJHQHUDWHGZLWKPRQRFORQDODQWLERGLHVWRSHFWLF+*QRORZHVWHU/0KLJKHVWHU/0$UURZKHDGV
LQGLFDWH SKORHP $UURZV LQGLFDWH UHJLRQV RI LQWHUIDVFLFXODU SDUHQFK\PD WKDW DUH ODEHOOHG VWURQJO\ E\ WKH SUREHV %RWWRP VL[
PLFURJUDSKVVKRZ&:VWDLQLQJDQG/0 ODEHOOLQJDW ORZHUPDJQLILFDWLRQ WR LQFOXGHFHQWUDOSLWKSDUHQFK\PD SSRI VWHPVH 
HSLGHUPLV%DUV P
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EDVHRI WKHVHFRQG LQWHUQRGHRIVWHPVDWGD\VJURZWKGLG
QRWUHYHDODQ\ODUJHGLIIHUHQFHVLQHSLWRSHRFFXUUHQFH$QDO\VLV
RI WKHPLGSRLQWRIPRUHGLVWDO\RXQJHU LQWHUQRGHVDWGD\V
JURZWK LQGLFDWHGDGHFUHDVLQJJUDGLHQW LQ WKHGHWHFWLRQRI WKH
KHWHUR[\ODQ HSLWRSHV WKDW ZDV QRW DSSDUHQW IRU WKH 0/*
HSLWRSHDVVKRZQLQ)LJXUH7KH/0[\ODQHSLWRSHZDVQRW
GHWHFWHGLQWKH\RXQJHVWLQWHUQRGHILIWKIURPWKHEDVHDQGWKH
/0/0 KHWHUR[\ODQ HSLWRSHV ZHUH RQO\ GHWHFWHG LQ
DVVRFLDWLRQZLWKWKHYDVFXODUEXQGOHV$WWKLVVWDJHWKHVKHDWKV
RI ILEUH FHOOV VXUURXQGLQJ WKH YDVFXODU EXQGOHV DUH OHVV
GHYHORSHG5HODWLYHWRWKH/0HSLWRSHWKH/0HSLWRSHZDV
GHWHFWHG OHVV LQ WKH SHULSKHUDO YDVFXODU EXQGOHV EXW GHWHFWHG
VWURQJO\ LQ WKH SKORHP FHOO ZDOOV RI WKH PRUH GLVWDO YDVFXODU
EXQGOHV)LJXUH,QFRQWUDVWWKH0/*HSLWRSHZDVDEXQGDQW
LQ WKH \RXQJHU LQWHUQRGHV DQG SDUWLFXODUO\ LQ WKH RXWHU
SDUHQFK\PD UHJLRQV RI WKH \RXQJHVW LQWHUQRGH )LJXUH  ,Q
WKH FDVH RI WKH SHFWLF +* HSLWRSHV WKH /0 ORZ HVWHU +*
HSLWRSHZDVOHVVGHWHFWDEOHLQ\RXQJHULQWHUQRGHVZKHUHDVWKH
/0 KLJK HVWHU +* HSLWRSH ZDV DEXQGDQWO\ GHWHFWHG LQ WKH
SDUHQFK\PDFHOOZDOOV)LJXUH
3HFWLFDUDELQDQLVPRUHUHDGLO\GHWHFWHGLQ0LVFDQWKXV
VWHPFHOOZDOOVWKDQSHFWLFJDODFWDQ
0LVFDQWKXV VWHP VHFWLRQV REWDLQHG IURP WKH VHFRQG
LQWHUQRGH DIWHU  GD\V JURZWK ZHUH DQDO\VHG IXUWKHU IRU WKH
SUHVHQFH RI PLQRU FHOO ZDOO SRO\VDFFKDULGH FRPSRQHQWV
$QDO\VLV ZLWK SUREHV ELQGLQJ WR ROLJRVDFFKDULGH PRWLIV
RFFXUULQJLQWKHVLGHFKDLQVRIWKHFRPSOH[PXOWLGRPDLQSHFWLF
JO\FDQUKDPQRJDODFWXURQDQ,5*,UHYHDOHGWKDWWKH/0
ȕJDODFWDQ HSLWRSH ZDV RQO\ ZHDNO\ GHWHFWHG LQ WKH VHFWLRQV
DQG RIWHQ LQ SKORHP FHOO ZDOOV )LJXUH  6WULNLQJO\ WKH /0
ĮDUDELQDQ HSLWRSH ZDV PRUH DEXQGDQWO\ GHWHFWHG LQ WKH
SKORHP DQG FHQWUDO YDVFXODU SDUHQFK\PD FHOO ZDOOV DQG DOVR
LQWHUIDVFLFXODU SDUHQFK\PD UHJLRQV LQ 0 [ JLJDQWHXV DQG 0
VLQHQVLVWKDWKDGEHHQLGHQWLILHGSUHYLRXVO\E\VWURQJ0/*DQG
)LJXUH   )OXRUHVFHQFH LPDJLQJ RI FHOO ZDOOV RI HTXLYDOHQW WUDQVYHUVH VHFWLRQV RI WKH IRXUWK ,QW  DQG ILIWK ,QW 
LQWHUQRGHVRI0[JLJDQWHXVVWHPVDWGD\VJURZWK
&:VWDLQLQJVKRZQ LQEOXH ,PPXQRIOXRUHVFHQFH LPDJHVJHQHUDWHGZLWKPRQRFORQDODQWLERGLHV WRKHWHUR[\ODQ/0/0DQG
/00/*DQGSHFWLF+*QRORZHVWHU/0KLJKHVWHU/0$UURZKHDGVLQGLFDWHSKORHP%DUV P
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+* SUREH ELQGLQJ ,Q WKH FDVH RI 0 VDFFKDULIORUXV WKH /0
DUDELQDQHSLWRSHZDVGHWHFWHGDEXQGDQWO\DQGHYHQO\LQDOOFHOO
ZDOOV)LJXUH
3RO\PHUPDVNLQJEORFNLQJDFFHVVWRVSHFLILF
SRO\VDFFKDULGHVRFFXUVLQ0LVFDQWKXVFHOOZDOOV
7KHDQDO\VHV UHSRUWHGDERYH LQGLFDWHD UDQJHRI YDULDWLRQV
DQG KHWHURJHQHLWLHV LQ WKH GHWHFWLRQ RI FHOO ZDOO
SRO\VDFFKDULGHVERWKDFURVV WKHFHOO W\SHVDQG WLVVXH UHJLRQV
RIDQLQGLYLGXDOVWHPDQGDOVREHWZHHQHTXLYDOHQWVWHPUHJLRQV
RIWKHWKUHH0LVFDQWKXVVSHFLHVWKDWDUHWKHIRFXVRIWKLVVWXG\
,QRUGHUWRH[SORUH LIDQ\RI WKHVHHOHPHQWVRIKHWHURJHQHLWLHV
ZHUH UHODWHG WR D SRO\VDFFKDULGH EORFNLQJ SUREH DFFHVV WR
RWKHU SRO\VDFFKDULGHV D VHULHV RI HQ]\PDWLF GHFRQVWUXFWLRQV
ZHUHFDUULHGRXWSULRU WR WKH LPPXQRODEHOOLQJSURFHGXUHV7KH
SUREHVXVHGWRJHQHUDWHWKHREVHUYDWLRQVUHSRUWHGDERYHZHUH
DSSOLHG DIWHU VHFWLRQV RI WKH VHFRQG LQWHUQRGH DIWHU  GD\V
JURZWK KDG EHHQ VHSDUDWHO\ SUHWUHDWHG ZLWK D [\ODQDVH D
OLFKHQDVHWRGHJUDGH0/*DSHFWDWH O\DVHWRGHJUDGH+*
RUD[\ORJOXFDQDVH
7KH RQO\ WZR HSLWRSHV WKDW ZHUH QRWDEO\ LQFUHDVHG LQ
DEXQGDQFH DQGRU DOWHUHG LQ GLVWULEXWLRQ DIWHU DQ HQ]\PH
WUHDWPHQW ZHUH WKH /0 [\ORJOXFDQ HSLWRSH DIWHU SUH
WUHDWPHQW ZLWK [\ODQDVH DQG WKH /0 JDODFWDQ HSLWRSH DIWHU
SUHWUHDWPHQWZLWK[\ODQDVHRUZLWK OLFKHQDVH)LJXUHVKRZV
ORZ DQG KLJKHU PDJQLILFDWLRQ PLFURJUDSKV RI /0 ELQGLQJ WR
VWHP VHFWLRQV RI DOO WKUHH VSHFLHV DIWHU HQ]\PDWLF UHPRYDO RI
[\ODQ,QWKHFDVHRI[\ODQDVHWUHDWHG0[JLJDQWHXVFHOOZDOOV
WKH/0HSLWRSHZDVUHYHDOHGWREHSUHVHQWLQFHOOZDOOVOLQLQJ
LQWHUFHOOXODU VSDFHV RI SDUHQFK\PD UHJLRQV ,Q 0
VDFFKDULIORUXV WKH XQPDVNHG [\ORJOXFDQ PDWFKHG FORVHO\ ZLWK
SDUHQFK\PD FHOO ZDOOV WKDW GLG QRW VWDLQ ZLWK &: )LJXUH 
;\ODQDVHXQPDVNHG /0 HSLWRSH ZDV OHVV DEXQGDQW LQ 0
VLQHQVLVVWHPVHFWLRQVDOWKRXJKLWZDVREVHUYHGZHDNO\LQWKH
VXEHSLGHUPDOSDUHQFK\PDUHJLRQVWKDWKDGEHHQLGHQWLILHGE\
DEXQGDQWGHWHFWLRQRIERWK0/*DQG+*DQGORZGHWHFWLRQRI
KHWHUR[\ODQ)LJXUH
,Q WKHFDVHRI WKH/0JDODFWDQHSLWRSHDVVKRZQIRU0[
JLJDQWHXVERWKWKH[\ODQDVHDQGWKHOLFKHQDVHSUHWUHDWPHQWV
UHVXOWHGLQLQFUHDVHGGHWHFWLRQRIWKHHSLWRSHLQFHOOZDOOVRIWKH
UDGLDOO\ H[WHQGHG JURXSV RI SDUHQFK\PD FHOOV LQ WKH VWHP
SHULSKHU\WKDWKDGEHHQLGHQWLILHGWRKDYHDGLVWLQFWLYHFHOOZDOO
VWUXFWXUHDQGDOVRWKHSLWKSDUHQFK\PDDQGSKORHPFHOOZDOOV
7KLV LQFUHDVHG GHWHFWLRQ RI WKH /0 HSLWRSH DIWHU [\ODQDVH
WUHDWPHQW ZDV PRUH DEXQGDQW WKDQ DIWHU OLFKHQDVH WUHDWPHQW
DQG WKLV ZDV DOVR WKH FDVH IRU 0 VDFFKDULIORUXV DQG 0
VLQHQVLVDQGWKHSDWWHUQVRI/0HSLWRSHGHWHFWLRQLQVWHPVRI
WKHVHVSHFLHVDIWHU[\ODQDVHWUHDWPHQWDUHVKRZQLQ)LJXUH
'LVFXVVLRQ
+HWHURJHQHLW\RI0LVFDQWKXVVWHPFHOOZDOOV
7KLV VWXG\ GHPRQVWUDWHV WKDW H[WHQVLYH FHOO ZDOO PROHFXODU
KHWHURJHQHLW\ RFFXUV LQ WKH VWHPVRI 0LVFDQWKXV VSHFLHVDQG
)LJXUH)OXRUHVFHQFHLPDJLQJRIFHOOZDOOVRIHTXLYDOHQWWUDQVYHUVHVHFWLRQVRIWKHVHFRQGLQWHUQRGHRIVWHPVRI0[
JLJDQWHXV0VDFFKDULIORUXVDQG0VLQHQVLVDWGD\VJURZWK
,PPXQRIOXRUHVFHQFH LPDJHV JHQHUDWHG ZLWK PRQRFORQDO DQWLERGLHV WR SHFWLF JDODFWDQ /0 DQG DUDELQDQ /0 $UURZKHDGV
LQGLFDWHSKORHP$UURZV LQGLFDWHUHJLRQVRI LQWHUIDVFLFXODUSDUHQFK\PDWKDWDUH ODEHOOHGE\ WKHSUREHVH HSLGHUPLV%DU 
P
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VSHFLILFDOO\ LQGLFDWHV WKDW WKH QRQFHOOXORVLF SRO\PHUV RI
0LVFDQWKXV VSHFLHV DUH QRW HYHQO\ GHWHFWHG DFURVV WKH FHOO
ZDOOV RI VWHP WLVVXHV 0HFKDQLVWLF XQGHUVWDQGLQJ RI WKH
FRQWULEXWLRQV RI GLYHUVH QRQFHOOXORVLF SRO\PHUV VXFK DV
KHWHUR[\ODQ [\ORJOXFDQ DQG 0/* WR FHOO ZDOO SURSHUWLHV DQG
IXQFWLRQV LQ JURZLQJ RUJDQV LV FXUUHQWO\ OLPLWHG >@
0RUHRYHU OLWWOH LV NQRZQ RI WKH GLVWULEXWLRQ RI QRQFHOOXORVLF
SRO\VDFFKDULGHVLQWKHVWHPWLVVXHVRIJUDVVHV,QPDL]HVWHPV
LQ VLWX ODEHOOLQJ VWXGLHV KDYH LQGLFDWHG D ZLGH GLVWULEXWLRQ RI
VXEVWLWXWHG [\ODQV DQG ZLWK XQVXEVWLWXWHG [\ODQV EHLQJ PRUH
UHVWULFWHGWRVHFRQGDU\FHOOZDOOV>@,QULFHVWHPVWKH/0
/0DQG/0HSLWRSHVKDYHUHVWULFWHGRFFXUUHQFHVUHODWLQJ
)LJXUH)OXRUHVFHQFHLPDJLQJRI[\ODQDVHWUHDWHGFHOOZDOOVRIHTXLYDOHQWWUDQVYHUVHVHFWLRQVIURPWKHVHFRQGLQWHUQRGH
RIVWHPVRI0[JLJDQWHXV0VDFFKDULIORUXVDQG0VLQHQVLVDWGD\VJURZWK
,PPXQRIOXRUHVFHQFH),7&JUHHQLPDJHVJHQHUDWHGZLWKPRQRFORQDODQWLERG\WR[\ORJOXFDQ/0$UURZKHDGVLQGLFDWHSKORHP
$UURZV LQGLFDWH UHJLRQVRI LQWHUIDVFLFXODUSDUHQFK\PD WKDWDUH ODEHOOHGE\/0H HSLGHUPLVS SDUHQFK\PD6WDU LQGLFDWHV
UHJLRQRI SDUHQFK\PD LQ0VDFFKDULIORUXV WKDW LV XQPDVNHGDQGDPHUJHG LPDJHRI&DOFRIOXRU:KLWH VWDLQLQJ EOXH DQG/0
ODEHOOLQJRIWKHVDPHVHFWLRQLVVKRZQ%DUV P
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WRVHFRQGDU\FHOOZDOOVDQGLQWKHVDPHRUJDQWKH0/*HSLWRSH
LV ZLGHO\ GLVWULEXWHG >@ ,W LV QRZ FOHDU WKDW 0/* LV ZLGHO\
SUHVHQW LQ WKH VWHPV DQG RWKHU YHJHWDWLYH RUJDQV RI JUDVVHV
>@
7KH PDMRU QRQFHOOXORVLF JO\FDQV RI 0LVFDQWKXV VWHP FHOO
ZDOOV DUH KHWHUR[\ODQV*$;V DQG 0/* >@ +HUH
IOXRUHVFHQFH LPDJLQJ RI KHWHUR[\ODQ DQG 0/* VXJJHVWV D
PRVDLF RI RFFXUUHQFH LQ WHUPV RI VWHP DQDWRP\ ZLWK 0/*
EHLQJPRVWDEXQGDQWO\GHWHFWHG LQ UHJLRQVRI ORZKHWHUR[\ODQ
GHWHFWLRQ 7KH FRPSOHPHQWDU\ SDWWHUQV RI GHWHFWLRQ RI
KHWHUR[\ODQ DQG 0/* DUH REVHUYHG LQ WHUPV RI ERWK VWHP
DQDWRP\ DQG GHYHORSPHQWDO VWDJH ZLWK 0/* EHLQJ PRVW
UHDGLO\ GHWHFWHG DQG KHWHUR[\ODQ OHVV VR LQ UHJLRQV RI
LQWHUIDVFLFXODUSDUHQFK\PDDQG LQ\RXQJHUVWHPWLVVXHV0/*
KDV EHHQ UHSRUWHG WR LQFUHDVH LQ RFFXUUHQFH ZLWK WKH
HORQJDWLRQRIEDUOH\FROHRSWLOHV>@,W LVRI LQWHUHVWWKDWSHFWLF
+* HSLWRSHV DUH DOVR PRVWO\ GHWHFWHG LQ WKH 0/*ULFK
LQWHUIDVFLFXODU SDUHQFK\PD UHJLRQV DQG LQ WKLV FDVH WKH
HSLWRSHV DUH RIWHQ UHVWULFWHG WR FHOO ZDOO UHJLRQV OLQLQJ
LQWHUFHOOXODUVSDFHV3HFWLF+*LVNQRZQWRRFFXUDWDORZOHYHO
LQJUDVVHV>@DQGZKHWKHUWKLVLVGXHWRUHVWULFWLRQWRFHUWDLQ
FHOOZDOOUHJLRQVRUWKDWSHFWLFSRO\PHUVRFFXULQRWKHUFHOOZDOO
UHJLRQV DQG FDQQRW EH GHWHFWHG GXH WR ORZ DEXQGDQFH
VWUXFWXUDOGLIIHUHQFHVRUSRO\PHUPDVNLQJLVQRW\HWNQRZQ7KH
GHWHFWLRQRIWKHRWKHUSHFWLFUHODWHGHSLWRSHVVWXGLHGKHUH/0
JDODFWDQ DQG /0 DUDELQDQ ZKLFK DUH SUHVXPHG WR RFFXU
ZLWKLQ FRPSOH[ SHFWLF 5*, SRO\PHUV VXJJHVW 0LVFDQWKXV
SHFWLF PROHFXOHV PD\ EH PRUH ZLGHO\ GLVWULEXWHG WKURXJKRXW
WKH FHOO ZDOOV ,W LV SRVVLEOH KRZHYHU WKDW WKH DEXQGDQW
ZLGHVSUHDGGHWHFWLRQRIWKH/0DUDELQDQHSLWRSHIRUH[DPSOH
LQ 0 VDFFKDULIORUXV PD\ LQGLFDWH WKH GLVWULEXWLRQ RI
DUDELQRJDODFWDQSURWHLQV WKDW FDQ DOVR FDUU\ WKLV HSLWRSH >@
)LJXUH )OXRUHVFHQFHLPDJLQJRI[\ODQDVHDQGOLFKHQDVHWUHDWHGFHOOZDOOVRIHTXLYDOHQWWUDQVYHUVHVHFWLRQVIURPWKH
VHFRQG LQWHUQRGHRIVWHPVRI0[JLJDQWHXV0VDFFKDULIORUXV DQG0VLQHQVLV DWGD\VJURZWK  ,PPXQRIOXRUHVFHQFH
),7&JUHHQLPDJHVJHQHUDWHGZLWKPRQRFORQDODQWLERG\WRSHFWLFJDODFWDQ/0$UURZKHDGVLQGLFDWHSKORHP$UURZVLQGLFDWH
UHJLRQVRISDUHQFK\PDWKDWDUHODEHOOHGE\/0%DUV P
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&RQVLGHUDEOHKHWHURJHQHLW\ZLWKLQWKHFHOOZDOOVWUXFWXUHVRIWKH
YDVFXODU WLVVXHV KDV DOVR EHHQ GHWHFWHG ZLWK SDWWHUQV RI
KHWHUR[\ODQ0/*[\ORJOXFDQDQGSHFWLQHSLWRSHVDOOLQGLFDWLQJ
YDULHG FHOO ZDOO DUFKLWHFWXUHV RI ERWK SKORHP DQG [\OHP
HOHPHQWV 7KLV ZRUN WKHUHIRUH SUHVHQWV WKH GHWHFWLRQ RI FHOO
ZDOO KHWHURJHQHLW\ UHODWLQJ WR FHOO DQG WLVVXH DQG RUJDQ
GHYHORSPHQWDQGLQGLFDWHVWKDWFHOOZDOOELRPDVVRI0LVFDQWKXV
LV D KLJKO\ KHWHURJHQHRXV PDWHULDO +RZ WKLV KHWHURJHQHLW\
FKDQJHV LQ UHODWLRQ WR RWKHU RUJDQV DQG WKURXJK H[WHQGHG
JURZWK WR KDUYHVWHG ELRPDVV DZDLWV IXUWKHU VWXG\ 7KH
LGHQWLILHG FRPSOHPHQWDU\ DQDWRPLFDO SDWWHUQLQJ RI GHWHFWDEOH
KHWHUR[\ODQDQG0/*LVDOVRRILQWHUHVWLQWHUPVRIWKHSRWHQWLDO
LQWHUDFWLRQVRIWKHVHJO\FDQVZLWKFHOOXORVHPLFURILEULOVDIDFWRU
LQELRPDVVUHFDOFLWUDQFHDVZHOODVFRQWULEXWLRQVWRJURZWKDQG
VWHPSURSHUWLHV
'LIIHUHQFHVEHWZHHQWKUHH0LVFDQWKXVVSHFLHV
$ JHQRPLF LQ VLWX K\EULGLVDWLRQ VWXG\ VXJJHVWHG WKDW 0 [
JLJDQWHXVDQG0VDFFKDULIORUXVVKDUHDQXPEHURIQXFOHRWLGH
VXEVWLWXWLRQV DQG GHOHWLRQV ZKLFK FRXOG QRW EH IRXQG LQ 0
VLQHQVLVLQGLFDWLQJWKDW0VLQHQVLVPD\EHWKHPRVWJHQHWLFDOO\
GLVWLQFW DPRQJ WKH WKUHH VSHFLHV >@ ,Q FRQWUDVW DQ
DQDO\VLVRI WKHFHOOZDOOFRPSRVLWLRQRIVHQHVFHGPDWHULDOKDV
LQGLFDWHG WKDW0[JLJDQWHXVZDVGLIIHUHQW IURPWKHRWKHU WZR
VSHFLHV >@ 7KH PDMRU GLIIHUHQFHV EHWZHHQ WKH WKUHH
0LVFDQWKXVVSHFLHVXVHGLQWKLVVWXG\LQWHUPVRIFHOOZDOOVWHP
PROHFXODUDQDWRPLHV LV WKDWRI WKH LQWHUIDVFLFXODUSDUHQFK\PD
ZKLFK LV PRVW GLVWLQFWLYH LQ 0 VDFFKDULIORUXV DQG WKH KLJK
DEXQGDQFH RI WKH /0 SHFWLF +* HSLWRSH LQ LQWHUIDVFLFXODU
DQG SLWK SDUHQFK\PD RI 0 [ JLJDQWHXV 7KH LQWHUIDVFLFXODU
SDUHQFK\PD FHOO ZDOOV RI 0 VDFFKDULIORUXV DUH GLVWLQFWLYH DV
WKH\VWDLQZHDNO\ZLWK&:KDYHUHGXFHGOHYHOVRIKHWHUR[\ODQ
HSLWRSHV SDUWLFXODUO\ WKRVH RI /0 DQG /0 DQG KDYH
UHODWLYHO\ DEXQGDQW OHYHOV RI 0/* DQG [\ODQPDVNHG
[\ORJOXFDQ HSLWRSHV 7KH /0 DQWLERG\ LV WKH PRVW VSHFLILF
SUREH IRU KLJK HVWHU +* \HW LVRODWHG >@ DQG LWV XVH
LQGLFDWHVWKDWWKHSHFWLF+*LVPRUHPHWK\OHVWHULILHGLQWKH0
JLJDQWHXV LQ FRPSDULVRQ WR WKH WZR SDUHQW VSHFLHV 0HWK\O
HVWHU+*LVUHTXLUHGIRUFHOOH[SDQVLRQ>@,IWKLVUHODWHVLQ
DQ\ZD\WRWKHIDVWHUJURZWKUDWHRIK\EULG0[JLJDQWHXVLVD
SRLQW IRU IXWXUH DQDO\VLV 7KHUH LV DOVR WKH SRWHQWLDO LVVXH RI
KRZSHFWLF+*FDQLQIOXHQFHFHOOH[SDQVLRQLQWKLVVSHFLHVLILW
LVLQGHHGUHVWULFWHGWRFHOOZDOOVOLQLQJLQWHUFHOOXODUVSDFHV,W LV
RI LQWHUHVW LQ WKLVUHJDUGVWKDW WKHGLVSRVLWLRQRI WKHUHJLRQVRI
GHWHFWHGXQPDVNHG[\ORJOXFDQLVGLIIHUHQWLQWKHWKUHHVSHFLHV
± EHLQJ LQ FHOO ZDOOV OLQLQJ LQWHUFHOOXODU VSDFH UHJLRQV LQ 0
JLJDQWHXV DQG WKURXJKRXW SDUHQFK\PD FHOO ZDOOV LQ 0
VDFFKDULIORUXV WR VRPH H[WHQW UHIOHFWLQJ WKH ORZ KHWHUR[\ODQV
KLJK0/*UHJLRQV
([WHQGLQJWKHYLHZRIFHOOZDOOJO\FDQPDVNLQJ
7KHZRUNSUHVHQWHGKHUHLQ LQGLFDWHVJO\FDQPDVNLQJ LQFHOO
ZDOOV RI JUDVV VSHFLHV ;\ODQDVH UHPRYDO RI KHWHUR[\ODQ LV
HIIHFWLYH LQ XQFRYHULQJ [\ORJOXFDQ SDUWLFXODUO\ LQ 0 [
JLJDQWHXV DQG 0 VDFFKDULIORUXV ,W LV VRPHZKDW VXUSULVLQJ WR
VHH WKLV HIIHFW LQ WKH UHJLRQV ZLWK ORZDEVHQW /0 HSLWRSH
GHWHFWLRQ  EXW WKLV PD\ LQGLFDWH WKDW RQO\ ORZ OHYHOV RI
XQVXEVWLWXWHG [\ODQ DUH SUHVHQW LQ WKHVH ORFDWLRQV DQG WKDW
WKHVH DUH HIIHFWLYHO\ GHJUDGHG WR XQFRYHU WKH [\ORJOXFDQ
*UDVV KHWHUR[\ODQV*$;V DUH FRPSOH[ SRO\PHUV DQG DOO
SRWHQWLDO 0LVFDQWKXV *$; VWUXFWXUDO IHDWXUHV VXFK DV
JOXFXURQRV\O VXEVWLWXWLRQV KDYH QRW EHHQ DVVHVVHG LQ WKLV
VWXG\GXHWRD ODFNRIDFRPSUHKHQVLYHVHWRISUREHV5HFHQW
ZRUNKDVKRZHYHULQGLFDWHGWKDWKHWHUR[\ODQVWUXFWXUHLQ0[
JLJDQWHXV LV FRPSDUDEOH WR WKDW RI RWKHU JUDVVHV >@ ,W LV RI
LQWHUHVW WKDW [\ORJOXFDQ LV PDVNHG MXVW E\ [\ODQ LQ UHJLRQV
ZKHUH0/*LVGHWHFWHGZKLOVWSHFWLFJDODFWDQLVREVHUYHG
WREHPDVNHGLQVLPLODUUHJLRQVE\ERWK[\ODQDQG0/*7KH
FXUUHQW YLHZ RI JO\FDQ PDVNLQJ LV WKDW LW LV LQGLFDWLYH RI
PLFURHQYLURQPHQWV ZLWKLQ FHOO ZDOO DUFKLWHFWXUHV LQ ZKLFK D
SRVVLEO\ QRQDEXQGDQW JO\FDQ FDQ EH KLGGHQ IURP SURWHLQ
HQ]\PH DFFHVV >@ 7KH GLIIHUHQWLDO HQ]\PDWLF XQPDVNLQJ RI
[\ORJOXFDQDQGJDODFWDQLVOLNHO\WRUHODWHWRDVSHFWVRIFHOO
ZDOO DUFKLWHFWXUH DQG WKH VSDWLDO FRQQHFWLRQV EHWZHHQ WKHVH
VHWV RI SRO\PHUV DQG LV WKHUHIRUH VXJJHVWLYH RI D UDQJH RI
GLIIHULQJ PLFURHQYLURQPHQWV ZLWKLQ D FHOO ZDOO 7KHVH
XQPDVNLQJ H[SHULPHQWV IXUWKHU LQGLFDWH WKDW WKH SDUHQFK\PD
UHJLRQV ZLWK DEXQGDQW 0/* GHWHFWLRQ KDYH KLJKO\ GLVWLQFWLYH
FHOOZDOODUFKLWHFWXUHV
&RQFOXVLRQ
7KH GHWDLOHG LQ VLWX DQDO\VLV RI WKH RFFXUUHQFH RI FHOO ZDOO
SRO\VDFFKDULGHVLQWKHVWHPVRIWKUHH0LVFDQWKXVVSHFLHVKDV
IRFXVHG RQ WKH DQDO\VLV RI \RXQJ VWHPV EHIRUH H[WHQVLYH
OLJQLILFDWLRQ DQG LQGLFDWHV ERWK D FRQVLGHUDEOH KHWHURJHQHLW\
DFURVV VWHP WLVVXHV DQG FHOO W\SHV DQG KDV DOVR KLJKOLJKWHG
VRPHFHOOZDOOGLIIHUHQFHVEHWZHHQWKHWKUHHVSHFLHV7KHXVH
RI FHOO ZDOO GHJUDGLQJ HQ]\PHV KDV H[WHQGHG NQRZOHGJH RI
0LVFDQWKXVFHOOZDOODUFKLWHFWXUHVDQG WKHSRWHQWLDO IRUFHUWDLQ
FHOO ZDOO JO\FDQV WR EH µKLGGHQ¶ IURP SURWHLQ DFFHVV E\ RWKHU
JO\FDQV 7KLV ZRUN H[WHQGV XQGHUVWDQGLQJ RI 0LVFDQWKXV FHOO
ZDOO GLYHUVLW\ DQG SURSHUWLHV DQG SURYLGHV D EDVLV WR LQIRUP
SRWHQWLDO VWUDWHJLHV IRU WKH HIILFLHQW GHFRQVWUXFWLRQ RI
0LVFDQWKXVFHOOZDOOPDWHULDOV
6XSSRUWLQJ,QIRUPDWLRQ
)LOH 6  )LJXUH 6 DQG 6 )LJXUH 6 6DPSOLQJ RI
0LVFDQWKXV VWHP LQWHUQRGHV3KRWRJUDSKV LQGLFDWLQJVDPSOLQJ
RI VWHPPDWHULDOV IURPGLIIHUHQW LQWHUQRGHVRI0 [JLJDQWHXV
0 VDFFKDULIORUXV DQG 0 VLQHQVLV $ 5HSUHVHQWDWLYH VWHPV
DQGOHDYHVRI0LVFDQWKXVVSHFLHVDWGD\VJURZWK%6WHPV
RI 0LVFDQWKXV VSHFLHV & 7KH IRXUWK LQWHUQRGH ,QW RI 0 [
JLJDQWHXV VKRZLQJ VDPSOLQJ SRVLWLRQV RI EDVH EP PLGGOH
PLGDQGVKRRWWRS',QWHUQRGHVRID0[JLJDQWHXVVWHP
,QWLVWKHILUVWLQWHUQRGHRIWKHVWHPFRXQWLQJIURPWKHEDVH
DQG ,QW LV WKH \RXQJHVW LQWHUQRGH RI D VWHP QHDU WKH VKRRW
PHULVWHP ( DQG ) ,QWHUQRGHV RI VWHPV RI 0 VDFFKDULIORUXV
DQG0VLQHQVLV%DU FP)LJXUH61RDQWLERG\QHJDWLYH
FRQWUROIOXRUHVFHQFHPLFURJUDSKV1RDQWLERG\QHJDWLYHFRQWURO
IOXRUHVFHQFH PLFURJUDSKV VKRZLQJ FHOO ZDOOV RI HTXLYDOHQW
WUDQVYHUVH VHFWLRQV RI WKH VHFRQG LQWHUQRGH RI VWHPV RI 0 [
JLJDQWHXV 0 VDFFKDULIORUXV DQG 0 VLQHQVLV DW  GD\V
JURZWK 6KRZQ IRU KLJK DQG ORZ PDJQLILFDWLRQ REMHFWLYHV
,PDJHV JHQHUDWHG ZLWK &DOFRIOXRU :KLWH &: EOXH DQG
&HOO:DOO0LFURVWUXFWXUHVRI0LVFDQWKXV6SHFLHV
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RPLVVLRQRIDQ\PRQRFORQDODQWLERG\SUREHZLWKH[SRVXUHWLPH
HTXLYDOHQW WR WKH ORQJHVW XVHG IRU DQWLERG\ ODEHOOLQJ H  
HSLGHUPLV S   LQWHUIDVFLFXODU SDUHQFK\PD YE   YDVFXODU
EXQGOH%DUV P
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$FNQRZOHGJHPHQWV
:HDUHJUDWHIXOWR6XVDQ0DUFXVIRUWHFKQLFDOVXSSRUW
$XWKRU&RQWULEXWLRQV
&RQFHLYHG DQG GHVLJQHG WKH H[SHULPHQWV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